chambers separated by ~1 m high fossil phreatic tubes. Today, Susah Cave is completely fossil with no evidence of contemporary water flow anywhere in the cave. Formations are covered by dust, and the majority are broken. The region experiences ~180 mm precipitation per year, with most rainfall generally occuring between October and April. A map with recent precipitation patterns of the wider area can, for example, be found in Engelstaedter et al. (2006) 2 . There is only thin soil cover and the vegetation consists of Mediterranean "Maquis".
Fig. S1:
Map with location of Susah Cave, Cyrenaica (Libya). The map was created using the Geomar GMT-Maps web site (http://sfb574.geomar.de/gmt-maps.html).
Stalagmite SC-06-01
The sample used for this study is a 93 cm-long stalagmite (SC-06-10), which was found broken on site. The three broken pieces fit together and the bottom also fits onto a stump found in the cave. Thus it represents the complete specimen with no missing parts. The diameter varies along the growth axis between 11 and 16 cm. The stalagmite consists of sections of dense clear calcite and milky white calcite. There are several thin red layers similar in colour to the surface dust layer, indicating dust deposition during frequent drying of the stalagmite surface. The main growth axis also shows some slight changes in growth direction. Over the top 30 cm a twin stalagmite formed.
Fig. S2
: SC-06-01 (in red box) pieces put together on the stump inside the cave (left) and polished cross section along the growth axis (right).
We defined three main growth sections and twelve minor growth sections based on the crystal structure and visual layering, positions of red layers in the stalagmite and chronological results (see below). Half of the red layers are associated with a hiatus identified by U-series chronology data and mark the start / end of a growth phase. The other red layers are probably also associated with (short) hiatuses, which cannot be constrained within uncertainty of Useries results. 
U-series dating and age model
Stalagmite SC-06-01 consists of three broken pieces, which were cut along the growth axis and polished. Some sections were further cut into slabs along the growth axis for subsampling by micromill or with a wire saw. Sub samples for U-Th dating were either drilled using a hand held microdrill (powders) or small pieces were cut from slabs using a diamond wire saw (pieces). Sample masses for U-Th analyses varied between 10 and 180 mg.
Separation and purification of U and Th isotopes from the matrix was done using modified methods similar to Hoffmann 3 . Anion exchange chemistry consists of a double resin procedure with AG 1x8 used to separate U and Th followed by a first Th fraction purification using AG 1x8. The stalagmite started forming around 66.5 ka and grew episodically until about 30.8 ka. The detailed chronology for SC-06-01 is based on 116 dating results along the growth axis (104 on the main axis and 12 on the twin axis at the top) and typical age uncertainties are in the range of 0.7 %. All uncertainties are at the 95 % confidence interval. Table S1 shows all analytical results and calculated ages. Dating results of the parallel growth section at top of stalagmite are presented in Fig. S6 . Here distances are shown from the top of the section. One dating result obtained on a sample taken from a boundary area between two sections including a red layer (between III p and 11 p ) is not in stratigraphic order. 
Distance -age model
A distance-age model was generated for SC-06-01 using StalAge 9 . Distance age modeling was done sectionwise. The start and end of the sections / growth episodes are defined by the red layers associated with a detectable hiatus in the dating results. The distance-age model is shown in Fig 
Comparison of timing of wet phases to Northern Hemisphere insolation changes
Growth phases of SC-06-01 are compared to insolation at 30°N in June and December as well as to the insolation gradient between 60°N and 30°N (the difference is calculated as insolation at 60°N minus insolation at 30°N). Insolation values are taken from Berger and Loutre (1991) 12 . 
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Hendy test results
Results of 18 Hendy tests (H1 -H18) are shown in the figures below. H1 to H15 are done on the central axis, H16 -H18 on the parallel axis of the top piece. Th activity ratio and corrections were calculated using a 238 U/ 232 Th activity ratio of 0.8 ± 0.4.
234 U/ 238 U ini is the initial 234 U/ 238 U activity ratio.
Ages are calculated based on corrected activity ratios. For all samples, correction is less than 0.1 ka and corrected and uncorrected results are identical within uncertainties.
